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Abstract 
Using an empirical approach, we produced a level of service (LOS) measure that is consistent with a driver’s subjective 
evaluation from the viewpoint of customer satisfaction (CS). The study consists of (1) analysis of the causal relation between the 
level of CS and drivers’ perceptions related to traffic flow conditions using individual response data obtained through in-
laboratory experiments with video images, (2) construction of practical driver satisfaction models segmented by the number of 
lanes of which independent variables are selected among ordinary indices of traffic flow considering results of the analysis 
presented above, and (3) a proposal of a real-time application of practical satisfaction models. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The Highway Capacity Manual 2000 (HCM 2000) specifies quality of service (QOS) on a road as a level of 
service (LOS) that is determined according to observable traffic indices. However, as generally discussed in the 
marketing research field, QOS should be evaluated from perspectives of both the service provider and the customer, 
in this case, with the road administrator and the driver. This study analyzes the relation between the LOS and the 
driver’s evaluation of the expressway (hereby customer satisfaction, CS), and proposes a method to use the model 
during everyday operations. 
The study includes the three parts described below. 
1. Perception structure models of driver satisfaction – Based on experimental surveys of evaluation using 
traveling video images, it is revealed that the perception structure of driver satisfaction is explained with 
traffic indices that are dependent on the number of lanes. 
2. CS estimation models – Perception structure models suggest the structure of a nonlinear CS estimation model 
in which traffic indices serve as the explanatory variable. 
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3. Application of a CS estimation model and case examples – A method of using the CS estimation models with 
data obtainable through real-time operations is proposed. 
A Japanese expressway is defined as a motor highway with more than four lanes (or more than two lanes for each 
direction; hereby ‘multilane’), explicitly limited on and off, and medians that separate directions are placed. 
However, this definition tentatively includes highways of only two lanes (one lane in each direction) because of the 
stepwise construction and operation. When compared with the definition in HCM 2000, a Japanese multilane 
expressway section corresponds to a freeway; an expressway with two lanes corresponds to a class-1 arterial 
roadway between cities of two-lane highways with no-passing zones. As of 2008, 57.9 million passenger cars exist 
in Japan, where 10,100 km of expressways stretch across the nation. The total extent of toll expressways was 8,054 
km as of 2005. Of those, 22.0% are operated with two lanes, 69.4% with four lanes, 8.5% with six lanes, and 0.04% 
with eight lanes. 
2. Background and Aim of the Study 
2.1. Customer satisfaction 
The definition of customer satisfaction (CS), as specified by ISO 10002 (Customer Satisfaction, Complaints), is 
the “customer’s perception of the degree to which the customer’s requirements have been fulfilled” (ISO, 2004). 
The marketing departments of firms have sought improvement of services using CS as a benchmark for performance 
evaluation. The public sector also uses CS as a service index. New Public Management (NPM) reforms employ CS 
as part of the evaluation of administrative services, and the Government Performance Results Act (GPRA) states 
that the government of the USA shall disclose CS data as a benchmark of its performance. Therefore, CS can be 
regarded as a common evaluation scale for measuring customer satisfaction or dissatisfaction for quality of service 
(QOS). It can be considered that measurement of CS associated with road traffic by drivers who travel on 
expressways is useful to evaluate the QOS of road traffic. 
2.2. Driver satisfaction 
Choocharukul et al. (2004) and Washburn et al. (2004) discussed the performance evaluation scale and other 
issues that are regarded as important for drivers. Washburn et al. (2006) modeled relations between a driver’s 
perception of level of service (LOS) and service evaluation scales. In addition, Ishibashi et al. (2006) examined 
relations among the satisfaction rate, satisfaction level, and traffic indices in a nonlinear model. 
Choocharukul et al. (2004) performed a quantitative survey targeting university students and truck drivers. Video 
images showing diverse traffic situations taken from a crossover of an expressway were presented to respondents, 
who were asked to relate each image with traffic situations of six LOSs of the HCM. The conclusions inferred from 
the analyses include the perception of LOS as dependent on the traffic volume and the attributes of road users. In 
addition to traffic density, visibility and traveling speed should be regarded as factors of LOS. The higher rate of 
full-sized vehicles acts as a QOS-positive factor for truck drivers and as a QOS-negative factor for other drivers. 
Furthermore, they found that the six-step scale of LOS does not actually coincide with the QOS that drivers 
perceive. 
Washburn et al. (2004) surveyed drivers and passengers at rest stations and service areas of a rural expressway 
and concluded that three or more determinants of QOS exist for a rural expressway. Among them, traffic density is a 
major factor influencing the perception of QOS, although the speed fluctuation range and the rate of traveling at a 
free flowing speed also influence perception. Moreover, factors such as quality of pavement and driving manners are 
important. Washburn et al. (2006) used video images of traveling on four-lane and six-lane sections (or two/three 
lanes in each direction) of an expressway to conduct a probit analysis to describe a six-step LOS with explanatory 
variables such as traffic indices and respondents’ attributes. Results showed a strong relation between drivers’ 
perceptions associated with QOS and traffic density, and also showed that respondents’ attributes such as frequency 
of driving expressway, frequency of long-distance travel, age, and income strengthen the explanatory power. They 
further argue that the driver’s perception evaluation rates for QOS is lower than that of the LOS stated in HCM 
2000. 
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Ishibashi et al. (2006) conducted a questionnaire survey for drivers who traveled in specific sections on 
expressways, inquiring about the satisfaction level of driving circumstances along with the lane in which the 
respondents drove. Research concluded that the satisfaction rate is explained as a nonlinear relation with traffic 
density. Furthermore, they performed conjoint analysis of traveling video image evaluation survey data and 
attempted to evaluate the LOS of multilane sections of expressways using a logistic regression formula. 
Studies of the relation between QOS of a road and driver’s perception have revealed the following four findings. 
(1) Factors as traffic density and traveling speed are appropriate for the QOS evaluation scale. (2) Driver 
characteristics are indispensable for evaluation. (3) The LOS level of HCM 2000 does not meet with the evaluation 
of QOS by drivers. (4) The LOS evaluation scale and subjective evaluation share a nonlinear relation. Although 
conventional studies described the importance to the correlation and strong association between LOS and subjective 
QOS evaluations, none of them fully addresses a causal relation between them. 
2.3. Level of services of expressway 
According to HCM 2000, LOS is defined as a scale for evaluating the quality of operation status of traffic flow: 
normally speed, travel time, freedom in driving, traffic interference, amenity, convenience, and so on. The LOS of 
the road infrastructure, which is the target of evaluation, is unified using a simple six-scale evaluation. The values 
for the LOS division have been revised corresponding to driver behaviors, changes in automobile performance, and 
other parameters. However, as explained in 2.2, some research results show that the driver evaluation does not 
always agree with the set LOS level. 
In Japan, the LOS of expressways is defined as the “degree of service presented by the road to drivers under 
specific traffic conditions at a given time.” It is presumed to be applied when designing road specifications. 
However, only a similar concept called a ‘level of design’ (LOD) is introduced as a safety ratio to infer traffic 
capacity from the maximum traffic capacity. Therefore, LOS is not actually considered in the design or operational 
phase of Japanese expressways. 
The LOS based on CS is useful as the consistent evaluation scale from the design to the operational phase. It 
would help achieve the understanding of citizens and drivers as well. By setting a target LOS level, the operational 
department measures LOS continuously to verify that the target LOS level is achieved. Therefore, additional study is 
necessary to assess the driver’s perception, particularly from the viewpoint of CS. 
2.4. Aim of the study 
The aim of this study is to propose a methodology to estimate driver satisfaction or CS, which enables a road 
administrator to observe the LOS associated with a specific segment of expressway continuously. This study 
consists of three parts: (1) A cause-and-effect relation among traffic environment perception by drivers, traffic 
indices and CS is verified with segmentation by the number of lanes. Then, (2) the CS estimation model is 
constructed using traffic indices as a determinant by the number of lanes. Finally, (3) a methodology is proposed to 
set LOS according to HCM 2000 to use the CS estimated value obtainable in real time, followed by a case example. 
3. Development of Driver Satisfaction Models 
3.1. Relation model of driver satisfaction and perception 
In this section, a cause-and-effect relation model between CS, associated with smoothness of the driver during 
traveling (ease of driving), and traffic environment perception is discussed. The outcomes described in this section 
will be used in the next section when determining the variables that indicate the driver satisfaction model. 
According to conventional studies, in which a driver’s CS can be regarded as associated with traffic environment 
perception factors such as congestion surrounding full-sized vehicles, driving speed, and inter-vehicular distance, in 
addition to drivers’ attributes. In the first step of model construction in this study, the driver’s traffic environment 
perception structure is hypothesized through the exploratory factor analysis of traffic situation perception and traffic 
indices. Subsequently, to deduce a cause-and-effect relation among traffic environment perception, traffic indices, 
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drivers’ attributes, and CS structural equation modeling (SEM) is performed in an exploratory manner. Both 
analyses are conducted in accordance to the number of lanes. For SEM, software (Amos, SPSS/IBM; SPSS Inc.) 
was used. 
3.1.1. Description of experimental data 
Data of video image evaluation surveys of driving expressways performed at Tokyo and Matsuyama in 2003 
were used for analyses. The video images were taken during the daytime from the viewpoint of the driver of a 
passenger vehicle (Fig. 1). The length of the videos was approximately 60 s for multilane sections, and 200 s for 
two-lane sections (Table 1). Respondents were gathered in one room and asked to evaluate the CS of the video 
image projected on a 90-inch screen. The 69 respondents in the experiment used the expressway more than once a 
year. Respondents were selected to reflect age groups, frequency of driving, and other factors. 
For multilane (two or more lanes in each direction) sections of expressways, 10 video images were chosen using 
an orthogonal factorial design of experiments reflecting two levels for the number of lanes and five levels for the 
traffic situation (Table 1). The traffic density at the video recording obtained from on-road traffic counters were 
converted to passenger car units (pcu). For multilane sections, video images were taken at six-lane and four-lane 
sections of the Tomei Expressway, and for two-lane sections of the Ban-etsudo Expressway. For two-lane sections, 
images of five patterns in which the follow-up situation and traveling speed differed were used. Traffic indices such 
as the presence of leading vehicles, the ratio of the following vehicles observed from the video images, and travel 
speed were used (Table 2). 
 
Figure 1. Video images shown to respondents (Left, six-lane section (driving in the center lane); middle, four-lane section; right, two-lane 
section).  
Table 1. Traffic indices of video images of multilane sections and average satisfaction levels by respondents
No. of lanes Traffic condition Traffic density* Full-sized vehicle rate** Video length Average satisfaction level*** 
 Smooth   9.9 pcu/km/lane 12% 60 s 9.39 
 Slightly smooth 14.3 30 61 8.20 
6 Medium 17.4 31 69 7.00 
 Congested 22.0 20 60 3.10 
 Heavily congested 48.3 12 90 2.28 
 Smooth   9.8 44 54 8.38 
 Slightly smooth 16.0 31 60 7.97 
4 Medium 20.7 22 60 5.59 
 Congested 30.0 59 60 2.36 
 Heavily congested 53.1   3 55 2.87 
* Vehicle detector data. ** Calculated from video images. *** Average of respondents’ evaluations (10, most satisfied; 0, dissatisfied).
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Table 2. Traffic indices of video images in two lane-sections and average satisfaction levels by respondents
Leading vehicle Following vehicle ratio* Travel speed* Video length Average satisfaction level ** 
Yes   50% 71.3 km/h 254 s 3.99 
Yes   40 83.7 221 6.22 
No   70 70.8 256 5.90 
No 100 90.0 228 6.91 
No 100 80.5 218 6.07 
* Calculated from video images. ** Average of respondents’ evaluations (10, most satisfied; 0, dissatisfied). 
In the experiments, video images of two-lane sections were run first, followed by that of multilane sections. 
Respondents were asked to evaluate the ease of driving (i.e. the smoothness) on an 11-level scale (at analysis, 10 
points are given for most satisfied, 5 points to slightly satisfied, 0 points for dissatisfied), and to choose reasons for 
the evaluation from the set of alternatives (multiple answers). Of the respondents, 73% positively assessed the 
reality of the experiments; although 12% gave a negative evaluation. These video images only included driving on 
one specific lane. Therefore leaving questions related to the difference of perceptions depending on traveling lanes 
and relating to lane changes. 
3.1.2. Estimation results 
3.1.2.1. Satisfaction level structure in multilane sections 
Figure 2 presents the SEM standard solution for four-lane sections. Independent models were estimated by the 
quantities of lanes, which eliminate the influence of the length of the video shown to the respondents. Comparison 
of results for four-lane and six-lane sections reveals that solutions of four-lane sections differ from six-lane solutions 
only by the absence of the observed variable “approaching of vehicles in the left lane”, which is not is the case for 
driving on four-lanes sections in countries where drivers keep to the left side of the road. That is to say, the cause-
and-effect relation between traffic environment perception in multilane sections and CS is fundamentally identical. 
The driver traveling on a four-lane section cognizes two items classified in the factor of the “macroscale traffic 
environment perception” which are movement of group of vehicles around one’s own vehicle and movement of 
vehicles proximal to one’s own vehicle (“microscale traffic environment perception”). Different from the 
assumption, the traffic density relates only to the “macroscale traffic environment perception”. Values of the path 
coefficient of two latent variables affecting the “ease of driving perception”, which is directly coupled with CS are 
strongly affected by the “macroscale traffic environment perception” and are slightly affected by the “microscale 
traffic environment perception”. It is considered that “macroscale traffic environment perception” cannot be 
changed by drivers themselves, but that it is observed to be associated with CS. 
The traffic density is considered appropriate for use as an objective variable explaining CS. Although the drivers’ 
history of licensed driving, which is a driver attribute, influences the ease of driving perception, influences of other 
driver attributes are slight or negligible. 
62  Takashi Sakai et al. / Procedia Social and Behavioral Sciences 16 (2011) 57–68
existence of 
full-sized vehicles
satisfaction
level
proximity of vehicle
in  adjacent lane
distance to
following vehicle
distance to
leading vehicle
own vehicle's
speed
leading vehicle's
speed
traffic density
congestion level
traffic flow speed
forward visibility
ease of driving 
perception
e1
d1
d3
residence area e13d2
attributes
.34
.42
.83
.85
-.79
.63
.53
.13
.49
.76
.77
.12
.12
1
.35
.42
-.31
-.16 .53
.60
tendency to
dangerous  
driving
.19
.25
.66
.63
.52
.63
.68
microscale
traffic environment 
perception
macroscale
traffic environment 
perception
-.13
age, 
licensed years
e14
driving 
overconfidence
e11
driving irritability e12
e2
e3
e4
e15
e5
e6
e7
e8
e9
Legend
observed variable 
(subjective response )
latent variable
error
Figure 2. Covariance structure of satisfaction level (four-lane sections). All coefficients are 5% significant. N=345 (=69 respondents for 5 test 
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3.1.2.2. Satisfaction level structure in two-lane sections 
Figure 3 shows estimation results of the covariance structure of satisfaction level in two-lane sections. As stated 
earlier in this subsection, although the perception of distance with the leading vehicle is added to the “macroscale 
traffic environment perception”, its influence on ease of driving perception, namely CS, is slight. The “microscale 
traffic environment perception” in multilane sections is divided into two for two-lane sections: “speed environment 
perception” and “perception on position-in-platoon”. No passing must be observed strictly in two-lane sections. 
Therefore, drivers are assumed to devote more attention to movements of vehicles in front of and behind their own 
vehicle. The ease of driving perception and CS in two-lane sections is affected strongly by the speed environment 
perception with subsequent position environment perception in the group of vehicles. The travel speed, which is 
among the objective variables included in the speed environment perception, is highly correlated with the rate of 
presence of following vehicles. That is true because of the fact that the traveling speed increases if trailing vehicles 
exist, thereby affecting the ease of driving perception. 
The association between the traffic volume of full-sized vehicles and CS is slight in two-lane sections. The fact 
that the path coefficient of full-sized vehicle traffic volume is high irrespective of whether or not full-sized vehicles 
appear on the image is attributable to the influence of the perception that no full-sized vehicle exists. Driver 
attributes do not affect the ease of driving perception. 
3.1.3. Findings 
A cause-and-effect relation among driver CS, traffic environment perception, and traffic indices is modeled with 
SEM according to the number of lanes. Results show that the CS causal structure is similar in multilane sections 
even if the number of lanes differs, where a peculiar cause-and-effect relation exists for two-lane sections. 
The CS in multilane sections is a comparatively simple perception structure that is determined mostly by the 
“macroscale traffic environment perception.” Traffic density, which is included in the “macroscale traffic 
environment perception”, is regarded as appropriate for use as a variable to explain CS. In the two-lane case, CS has 
a causal structure that is determined by speed environment perception and position perception in the group of 
vehicles. As variables for explaining CS, two traffic indices–– traveling speed and position in the group of vehicles–
–are necessary. For further study, influence of the video length should be investigated. 
3.2.  Driver satisfaction (CS) model 
Traffic indices are obtained based on results of CS structure analysis described in earlier subsections as 
foundations to explain driver satisfaction (CS). The CS estimation model using traffic indices as the explanatory 
variable is then constructed. Traffic density and CS in multilane sections in Table 1 are inversely proportional; but 
the traveling speed on two-lane sections in Table 2 and CS is proportional. Considering the relation between traffic 
indices and CS, it is assumed that they share a nonlinear relation, similarly to that reported in conventional studies. 
The relation between the traffic situation and CS in the multilane sections forms a curved profile. In this study, as 
a CS estimation model using traffic indices as the explanatory variables, a logistic curve for which the upper limit K 
is set to 10. The traffic density converted to a natural logarithm (LN) is used as the traffic index. 
The theoretical equation for CS estimation in the multilane sections is expressed as Eq. (1); those of two-lane 
sections are expressed as Eqs. (2) and (3). 
cpmultilane be
K
CS  1 (1)
z
be
K
CS
cvlane
 12  (2) 
where  4,3,2,1/  ¦ itotalii QQCZ  (3)
Hereinafter, CS signifies the driver satisfaction level, K denotes the maximum score (10) of the satisfaction level 
(upper limit), v represents the travel speed, p denotes the LN value of traffic density, and b and c are parameters. 
In equations (2) and (3), Z stands for the residual (difference between observed and estimated CS values). The 
residual Z is modeled to associate with the position in the group of vehicles, Ci denotes the deviation of CS value 
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depending on position among the group of vehicles (C1, for a case of group consists of one vehicle; C2, head of a 
group of more than two vehicles; C3, end tail of a group of more than two vehicles; C4, neither the head nor end tail 
of the group of more than three vehicles), Qi (i= 1, .., 4) represents a traffic volume corresponding to the position in 
the group of vehicles, and obtained by log-linear analysis by traffic volume ranking. Finally, Qtotal denotes the traffic 
volume and represents the total of Qi.
Satisfaction level structure analyses for two-lane sections indicated that the size of vehicles had little influence on 
the satisfaction level. Therefore, conversion to passenger car units (pcu; number of vehicles/h) was not performed 
for the traffic volume in the log linear analysis. In addition, Ci was estimated using Hayashi’s Quantification
Analysis (Class I) or regression analysis for qualitative data. 
3.2.1. Description of experimental data 
3.2.1.1. Vehicle detector data 
The traffic volume for every position in the group of vehicles in Eq. (3) was estimated using pulse data obtained 
using vehicle detectors. The vehicle detectors are mounted at the 48.43 km post (kp: kilometers from the start-point 
of the expressway: in this case, Ichinomiya Junction) (upgrade of 2.6%) and 59.07 kp (upgrade of 3.0%) in the 
Ichinomiya-bound lane in two-lane sections of the Tokai-Hokuriku Expressway. The regulatory speed in this section 
is 70 km/h. Observations were started at 9:00 a.m. on Sunday, February 22, 2004 and continued for 30 hr. The 
vehicles counted were 11,419 at 48.43 kp and 9,252 at 59.07 kp, constituting 20,671 vehicles. No influence by 
traffic accidents was noted on the observation day, although traffic congestion of about 20 km long at maximum was 
observed during the 13:20–20:00 period. 
3.2.1.2. CS questionnaire survey data 
The CS questionnaire survey was performed in 2002 for users travelling on the Tomei Expressway (six-lane 
sections), Meishin Expressway (four-lane sections), and Joshin-etsu Expressway (two-lane sections). Corresponding 
traffic indices such as traffic volume, speed, and traffic density were taken by vehicle detectors every 15 min at the 
time of respondents’ travel. The survey was performed during the daytime on weekdays and weekends. 
Questionnaires were distributed to drivers who used upstream rest areas. They were later collected at downstream 
rest areas. Respondents were asked to evaluate CS for driving and describe perceptions of traffic volume for the 
specific section. Then CS was evaluated according to four ranks: “satisfied” (score 4), “mostly satisfied” (score 3), 
“not satisfied” (score 2), and “dissatisfied” (score 1). Respondents amounted to 474 on the Tomei Expressway, 424 
on the Meishin Expressway, and 518 on the Joshin-etsu Expressway. 
3.2.2. Estimation results 
Parameters of the CS models are estimated using the CS questionnaire data described in 3.1.1. The CS models are 
defined as Eq. (1) for multilane sections (four-lane and six-lane sections) and Eq. (2) for two-lane sections and 
estimated parameters along with statistical test values are presented in Table 3. For four-lane sections and six-lane 
sections, the same model structure is applied with specific sets of estimated parameters. Table 4 presents the 
aggregated CS data by the positions in the vehicle group and by traffic volume corresponding to Eq. (3). 
Table 3. Estimated parameters of the satisfaction level models (by the number of lanes)
 Six-lane Four-lane Two-lane 
K 10.0 (Fixed) 10.0 (Fixed) 10.0 (Fixed) 
b 0.000219 0.00264 0.0298 
c -2.62 -1.82 0.0298 
R 0.919 0.901 0.874 
p-value 0.027 0.037 0.034
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Table 4. Satisfaction level by position in vehicle group in two-lane sections 
and the composition of position in vehicle group by traffic volume ranks
 Composition of position by traffic volume rank (Qi/Qtotal)
CS by position (Ci) Qtotal< 51 v/h 50<Qtotal< 201 200<Qtotal< 301 300<Qtotal< 601 600<Qtotal< 901 Qtotal> 900 
C1 =1.714 82.0% 46.7% 32.2% 30.4% 13.7% 8.0% 
C2 =0.385 6.7 18.6 19.8 19.0 20.9 19.2 
C3 =0.063 6.7 18.6 19.8 19.0 20.9 19.2 
C4 =-1.267 4.6 16.1 28.2 31.6 44.5 53.6 
R = 0.787 
3.2.3. Findings 
In this section, nonlinear CS models were constructed employing the traffic density for multilane sections, the 
traveling speed, and the CS of position in the vehicle group for two-lane sections. Estimation results revealed the 
following for multilane sections: The slope of the CS curve for six-lane sections is steeper than that for four-lane 
sections; which implies a lower traffic density for a higher value of CS; and the smaller the traffic density, the 
greater the dissatisfaction. Regarding traffic congestion, only adjacent lanes are recognized on four-lane sections; 
the right and left lanes are recognized when traveling in the center lane in six-lane sections. In the case of two-lane 
sections, the faster the traveling speed, the higher the CS. Furthermore, CS is high in the order of one vehicle in the 
group (solitary traveling), head of the group, and tail end of the group according to the perception of the freedom of 
the speed. Therefore, it is also considered that CS decreases in circumstances where a vehicle is sandwiched 
between leading and following vehicles. 
3.3. Results of estimated models 
The causal structures of a driver’s traffic environment perception and CS of multilane and two-lane sections are 
proven to differ. The traffic density in the multilane sections is a representative index of the “macroscale traffic 
environment perception” and is proved to be appropriate as a variable for CS models. In the two-lane case, the 
“speed environment perception” such as forward vehicle speed and “perception on position-in-platoon” is proven to 
be associated with CS evaluation. 
A nonlinear CS estimation model was constructed in which traffic indices are used as the determinant by the 
number of lanes. Using the model equations, it was determined that the CS of multilane sections is associated 
primarily with perceptions of freedom of driving such as the ability to change lanes and speed. The CS of the 
position in the vehicle group in the two-lane expressway is associated with the feeling of freedom of driving speed. 
The perception of freedom of traveling speed lessens if positioned in the vehicle group, resulting in dissatisfaction. 
4. Application of driver satisfaction models 
This chapter introduces a simplified method for measuring driver satisfaction (CS) in real time with observable 
data. It enables road administrators to verify that the targeted LOS is being achieved. 
The LOS divisions based on CS are set to six ranks in accordance with HCM 2000. The CS score 5 is used as the 
threshold: greater than score 5 is set as LOS A–D, less than score 5 is set as LOS E–F. Table 5 shows that the 
division values of LOS A–C are set, respectively, to 9.5, 8.5, and 7.5. LOS F is set to 4.0. For comparison of 
differences between the number of lanes, traffic density is back-calculated using CS by LOS and the CS estimation 
model by number of lanes are shown. The traffic density of the six-lane section is roughly equivalent to that of the 
freeway specified in HCM 2000. The CS value is correlated with the satisfaction rate. A CS score 5 can be deemed 
as a satisfaction rate of 50%. 
Applying traffic density data obtained from the vehicle detectors to the CS model developed in this research, CS 
and LOS are estimated. The estimated CS values for the specific sections and the date and hour are aggregated to 
represent hourly fluctuation, the day of the week change, and the monthly change could be inferred. Time-series 
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variation of the composition ratio of average CS to LOS is also obtainable. The estimated LOS is useful by road 
administrators when verifying achievements of the LOS that were set at the planning phase. 
4.1. Example 
The vehicle detector data used for the case study consist of the traffic volume, travel speed, and traffic density 
taken every 15 min in the daytime (12 hr) every day for one year in 1999 for the Tomei Expressway (six-lane 
sections, Tokyo-bound), between Yokohama-Machida and Atsugi ramps, Meishin Expressway (four-lane sections, 
Tokyo-bound) between Kyoto-Minami and Kyoto-Higashi ramps. Table 6 presents traffic characteristics in the 
multilane expressways by the day of the week (classified into three categories: weekdays, Saturdays, and Sundays 
and public holidays). 
The average CS and LOS of every 15 min data composition ratio by day of the week and by month are shown as 
calculation examples in Table 7. For the calculated LOS composition ratio of every 15 min by day of the week, on 
weekdays, calculation results ranged from LOS B to LOS D, on Saturdays in LOS D, and Sundays and public 
holidays in LOS B. Overall LOS is calculated C on the Tomei Expressway example. On the Meishin Expressway 
example, LOS E and F are high in the order of Saturdays, weekdays, and Sundays and public holidays; the overall 
LOS is calculated as D. 
Table 5. LOS division based on CS
  Traffic density (pcu/km/lane) 
LOS CS Six-lane Four-lane HCM2000 (freeway) 
A 9.5– 0–8 0–5 0–7 
B 8.5–9.5 8–13 5–10 7–11 
C 7.5–8.5 13–17 10–14 11–16 
D 5.0–7.5 17–25 14–26 16–22 
E 4.0–5.0 25–29 26–32 22–28 
F –4.0 29– 32– 28– 
Table 6. Traffic indices of the experimental data
  Average travel speed Average traffic density 
 Weekdays 95.2 km/h 15.8 pcu/km/lane 
Six-lane Saturdays 90.2 17.3 
Tomei Expressway Sundays and public holidays 98.1 12.6 
 Total 94.9 15.5 
 Weekdays 84.5 km/h 21.4 pcu/km/lane 
Four-lane Saturdays 82.2 20.7 
Meishin Expressway Sundays and public holidays 87.6 16.9 
 Total 84.7 20.6 
Table 7. Calculated LOS distribution and average satisfaction level by route and by day of the week
  LOS distribution 
  A B C D E F Average CS 
 Weekdays 0.1% 22.0% 38.0% 39.1% 0.7% 0.1% 7.68 
Six-lane Saturdays 0.7 22.4 20.1 54.0 2.1 0.6 7.21 
Tomei Expressway Sundays and public holidays 12.9 53.6 14.9 17.4 0.7 0.6 8.47 
 Total 2.2 26.9 31.8 38.0 0.9 0.3 7.73 
 Weekdays 0.0% 0.3% 5.8% 79.0% 8.3% 6.6% 6.05 
Four-lane Saturdays 0.0 1.2 32.8 46.9 7.3 11.8 6.34 
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Meishin Expressway Sundays and public holidays 0.1 5.8 41.8 44.7 2.2 5.3 7.07 
 Total 0.0 1.3 14.9 69.5 7.2 7.1 6.25 
Table 8. Calculated monthly average satisfaction level by route
 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total 
Tomei Expressway 8.04 7.86 7.60 7.77 7.82 7.94 7.62 7.04 7.82 7.92 7.67 7.79 7.73 
Meishin Expressway 6.89 6.66 6.14 6.51 6.26 6.65 6.13 5.13 6.36 6.04 5.89 6.60 6.25 
Table 8 presents calculated monthly averages of CS by route. The CS in the Meishin Expressway is lower than 
that of Tomei Expressway example. The worst three months of the Meishin Expressway are August, November, and 
October. Congestion attributable to heavy traffic occurs during return home season in summer and consecutive 
holidays in fall, thereby reducing CS. On the Tomei Expressway, CS is low in August also because of holiday 
congestion resulting from people returning to their parents’ homes in summer. 
4.2. Discussion 
In this chapter, the CS estimation model was applied to the traffic index data obtained from vehicle detectors 
mounted in the specific section by the number of lanes. They were classified into two categories by threshold score 
5 for satisfaction and dissatisfaction; satisfaction was defined by LOS A–F (six divisions). Regarding the traffic 
density back-calculated from the LOS division thus set, six-lane expressway results are similar to LOS division of 
freeway specified in HCM 2000, whereas traffic density in congestion situations in four-lane sections is higher, 
thereby decreasing QOS. Therefore, it was reconfirmed that LOS should be set by the number of lanes. Estimated 
CS and LOS were summed by the month and day of the week for every route division to identify the average CS and 
LOS distribution. 
The calculated LOS based on CS is useful to verify whether the real time LOS level meets target LOS set at the 
planning stage of road construction. By accumulating data such as traffic indices, CS, and calculated LOS, the road 
administrators can use it, for example, to prioritize the route and sections that must be improved in terms of LOS or 
CS. Moreover, the proposed methodology is more effective because it uses vehicle detector data that are available in 
real time, and which are obtainable for most expressways throughout the country, enabling road administrators to 
observe real-time changes of LOS. 
5. Conclusion 
As described in this paper, LOS and CS were confirmed to have a nonlinear relation. A cause-and-effect relation 
between CS and traffic indices was identified. The CS estimation model was constructed using traffic indices as the 
determinant. Furthermore, the CS model can provide estimation in real time based on vehicle detector data. 
In section 3.1, the causal structure of CS evaluation was identified by SEM with indoor experimental data using 
traveling video images. Regarding CS, the “macroscale traffic environment perception” around one’s own vehicle is 
remarkable in multilane sections (subjective perception such as congestion situation and speed of the vehicle flow, 
and traffic density of objective indices). The relation between speed perception and position perception in a group of 
vehicles in two-lane sections was also remarkable. As a result of identification of traffic environment perception 
variables, the interpretation of decision variables in the CS estimation model was clarified. 
In section 3.2, a CS estimation model was constructed using traffic indices as the decision variable by the number 
of lanes. For multilane sections, a logistic curve was employed with the LN converted value of the traffic density as 
variables. For the two-lane sections, the CS estimation model was described by the logistic curve with the traveling 
speed; CS by the position in the group of vehicles was added to the model. 
In chapter 4, the method of LOS division by CS in the multilane sections was investigated and LOS in six ranks 
was set in accordance with HCM 2000. Although LOS for six-lane sections is similar to that of HCM 2000, results 
revealed that the LOS for four-lane sections differs from that of HCM 2000. Results confirmed that the LOS should 
be set by the number of lanes. The vehicle detector data were applied for the six-lane and four-lane models. Then a 
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case study for provisionally calculating CS and LOS was performed. 
The following five items are left as challenges for future research: (1) Confirmation of the reproducibility of the 
present state of CS estimated value considering the length of video images shown to the respondents. (2) 
Verification of the CS model by position in the group of vehicles in the two-lane section model, which could not be 
confirmed in this study because of data restrictions. (3) Confirmation of the validity of CS models with the influence 
of road structures such as curves, slopes, tunnels, eight-lane sections. (4) Further discussion of the utilization of the 
CS estimated value and LOS based on CS in planning and operational phases. (5) Discussion of the concepts of 
QOS and LOS of operation phase carefully, possibly adding consideration of factors to those for amenity and 
convenience. 
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